Introduction: A well-functioning arteriovenous fistula (AVF) is the best modality for vascular access in patients with endstage renal disease (ESRD) requiring haemodialysis (HD). However, AVFs' main disadvantage is the high rate of maturation failure, with approximately one third (20%-50%) not maturing into useful access. This review examine the use of Far-Infra Red therapy in an attempt to enhance both primary (unassisted) and secondary (assisted) patency rates for AVF in dialysis and pre-dialysis patients.
Introduction
The number of patients with end stage renal disease (ESRD) requiring haemodialysis (HD) is steadily rising, a trend that is expected to continue [1] . Vascular access is a critical component in successful HD. A well-functioning arteriovenous fistula (AVF) is the best modality for HD vascular access [2] [3] [4] [5] [6] . AVF maturation is a complex process of remodelling. The newly formed fistula has to form a low resistance circuit capable of dilation to accommodate the increased blood flow required for HD. The AVF also has to be cannulated repeatedly with ease. The need for re-intervention to maintain patency should be minimal [2] [3] [4] 6, 7] .
AVFs' main disadvantage is the high rate of maturation failure, with approximately one third (20%-50%) not maturing into useful access [8] [9] [10] . AVFs have higher primary failure rates to mature compared to grafts [8, 11, 12] . However they last longer, and with exclusion of fistulas that fail to mature primarily, the cumulative patency from formation to permanent failure is superior to grafts. AVFs also require fewer secondary interventions in the form of angioplasty, stenting or thrombectomy [8, [13] [14] [15] [16] . AVFs are associated with fewer complications compared to AVG and CVC in terms of infection, death, vascular access salvage procedures and hospitalizations [15, 16] . Also, a mature AVF has a lower incidence of thrombosis and stenosis. This translates into prolonged patency rates and lower risk for infection [1, [17] [18] [19] [20] .
Maturation of AVF depends on variable biomechanical forces. Remodelling of the arterial limb is characterised by vessel dilatation and outward hypertrophic remodelling of the intimal layer. Remodelling at the venous end can be accompanied by aggressive intimal thickening resulting in inward hypertrophic remodelling. Intimal hyperplasia (IH) is defined as the abnormal migration and proliferation of vascular smooth muscle cells provoked by injury, inflammation or stretch with associated Random sequence generation A computer generated sequence was used Low risk of bias deposition of extracellular matrix in the intimal layer of the vein [21] [22] [23] . Far infra-red FIR therapy, which is a form of heat therapy, has been implicated in improvement of endothelial function and haemodynamics in coronary arteries, probably through upregulating endothelial nitric oxide synthase (eNOS) expression in arterial endothelium leading to improved cardiac function in patients with chronic heart diseases [24] . Repeated leg hyperthermia using FIR has been shown to reduce oxidative stress in bed ridden type II diabetics [25] .
FIR has also been reported to show encouraging results in phantom limb pain control [26] , stimulation of the secretion of TGF-beta1 and activation of fibroblasts which may promote better wound healing independent of skin blood flow and skin temperature [27, 28] , reduction of both stress and fatigue levels of patients with end stage renal disease (ESRD) and stimulates the autonomic nervous system in those who are receiving regular haemodialysis (HD) [29] .
This review was designed to examine the effect of FIR on AVF maturation using primary and secondary patency rates as the main outcomes of interest.
Methods
This systematic review and meta-analysis were conducted according to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines [30] .
Eligibility Criteria
We included observational studies or randomised controlled trials (RCTs) that examined FIR therapy in patients with AVFs and ESRD. Eligible studies reported on AVF patency rates in FIR and non-FIR groups at one year or more following initiation of FIR therapy. Cases series and case reports were excluded. There was no restriction with regard to publication status or language. Abstracts of the relevant titles were subsequently obtained and evaluated for eligibility (KB, DH). Any remaining uncertainty was resolved by examination of the full article (KB, DH). Discussion with a third author (SRW) resolved discrepancies in cases of disagreement regarding eligibility.
Search strategy
The relevant outcomes for this review were primary patencydefined as unassisted AVF patency rates after at least 12 months of follow up -and secondary patency -defined as assisted patency rates after at least 12 months of follow up. The incidence of salvage procedures (endoluminal procedures or surgical procedures) for dysfunctional fistulas during follow up was a secondary outcome.
Data Collection
Data were extracted and checked for accuracy by two reviewers (KB, DH) independently and recorded on a Microsoft Excel spreadsheet. Any disagreements in extracting data were discussed between two reviewers (KB, DH), and if not settled this was resolved by consulting with a third reviewer (SRW). The following information regarding participant characteristics were recorded: age, sex, presence of co-morbidities, start of HD, primary and secondary patency rates, AVF salvage procedures, underlying cause of ESRD, definition of first AVF malfunction and overall access survival. The trials' inclusion and exclusion criteria were also recorded.
Quality assessment for risk of bias
The risk of bias for each study was assessed according to the criteria outlined in the in the Cochrane Handbook for Systematic Reviews of Interventions [31] . For each included study; the method used to perform random sequence generation, allocation concealment and blinding was described. The study was then scrutinised for incomplete data outcomes, selective reporting and other potential sources of bias. Where possible, study protocols were obtained from trial registries to ascertain whether there was selective reporting within studies [ Table 1 ].
Data analysis
Statistical analyses were performed using Review Manager version 5.2.8 [32] . Pooled risk ratios were calculated using the random effects model of DerSimonian and Laird [33] . For continuous outcome variables the weighted mean difference (WMD) was calculated. The presence of statistical heterogeneity between studies was evaluated using the Cochran's Q statistic. Pvalues less than 5% were considered as statistically significant. Publication bias was assessed visually using a funnel plot, and additionally by comparing fixed and random effects modelling in a sensitivity analysis -this is a recognised method that can detect the influence of small-study effects [34] .
Results

Study Selection
The results of the study selection process are summarized in the PRISMA flow diagram (Figure 1 ). The initial search yielded a total of 1669 citations, with 1244 citations remaining following removal of duplicates. The titles of these citations were screened with a total of 43 titles deemed potentially relevant. The abstracts of those titles were examined and eight full text articles were subsequently retrieved and examined. After assessing for eligibility 
Lai_2013 [37] (1) Received two or more PTA on the target lesions at upper extremities, with the last PTA successfully performed within the week before patient enrolment, and (2) After successful completion of at least 1 week of HD treatment, the patients with AVF or AVG were consecutively enrolled and randomly assigned to either a post-PTA FIR radiation group or a control group receiving the usual form radiation therapy at a 1:1 ratio.
(1) Received HD treatments other than three times a week, Far Infra-Red Therapy Role in Maturation of AVF PLOS ONE | www.plosone.orgcriteria, four RCT's were included in the review [35] [36] [37] [38] . Three of those studies reported on patients with history of previous AVF who had been on HD prior to FIR therapy [35] [36] [37] , while one study reported on patients with newly formed AVF not on HD [38] . We were not able to include another study by Lin et al [39] with a follow up of 3 months for primary patency rates as it was a conference abstract only, also we had concerns that the data in this study was used in another study by the same author [36] that has already been included in this review. Three studies were excluded from the final analysis after going through the full articles. Shipley et al followed their patients for six months in a case series of 20 patients -no control group -and reported maturation in 10 of those patients [40] . Two studies did not report on the outcomes of interest to the author of this systematic review [29, 41] . 
Participants
The four studies included 666 patients, with 340 patients randomised to receive FIR therapy -median age 62.3614.5 SD, while 326 were randomised to the control group -median age 62.0614.5 SD. 348 patients were males-180 in FIR group and 168 in the control group, while females were 318, of those 160 received FIR therapy and 158 were controls.
Inclusion and exclusion criteria of studies are outlined in [ Table 2 ], along with the definition of AVF malfunction for each of the included studies.
Apart from Lin et al who evaluated the effects of FIR in predialysis patients with newly formed AVFs [38] , the remaining RCTs included patients who already started HD. Mean time on HD in months for Lin et al [35] [35] . Similarly, 47 patients had history of AVF malfunction with 12 patients requiring surgery from 139 and 35 patients underwent 79 angioplasty procedures in the FIR group, compared to 45 patients with history of malfunction, 13 patients of those required surgery and 32 patients underwent angioplasty as a salvage procedure in the control group in the study by Lin et al in 2013 [36] . All patients in both FIR and control groups had angioplasty procedures prior to recruitment in the study by Lai et al [37] , while none of the patients included by Lin et al had a history of either surgical or angioplasty salvage procedures since they were all first time AVFs [38] . Lai et al had 9 of their patients who were initially randomised to the control group crossing over to the FIR group based on their request [37] . Clinical maturation was reported in 49 (81.7%) patients of 60 who received FIR therapy by Lin et all, compared to 37 (59.7%) from the 62 control subjects [38] . Sub -group analysis by age, gender and diagnosis of hypertension was not possible as this was not included in studies, and we did not have access to the raw data used by the authors. Other patients' characteristics are detailed in [ Table 3 ].
Primary -unassisted -patency rates at 1 year All of the 4 included studies (610 patients) reported on unassisted -primary -patency rate after 12 months of follow-up on the FIR therapy. 228/311 patients in FIR group had primarily patent AVFs at 12 months compared to 185/299 patients in the Excluding the RCT by Lin et al on newly formed AVFs in predialysis patients [38] from the analysis for primary patency after 12 months, the remaining studies (490 patients) showed better results in the FIR group with 176/252 AVFs being patent at 12 months compared to 142/238 in the control group [35] [36] [37] . This was statistically significant (Pooled risk ratio = 1.23 [1.10, 1.37], 95% CI, p = 0.0001) [ Figure 4 ]. There was no evidence of statistical heterogeneity (Cochran's Q = 0.31; degree of freedom (DF) = 2; p = 0.86; I 2 = 0%).
Secondary -assisted -patency rates
Data could be retrieved from 2 studies (331 patients) for analysis of assisted -secondary -patency rates at 12 months following salvage procedures [36, 38] . 160/168 patients in the FIR group had patent AVFs following intervention for dysfunctional fistulas, compared to 140/163 patients in the control arm. Pooled results showed statistically significant difference favouring FIR therapy (Pooled risk ratio = 1.11 [1.04-1.19 
Intervention
Two studies [35, 38] 
Discussion
This review identified four studies (666 patients) which evaluated the use of FIR therapy to improve primary and secondary patency rates for AVFs in patients with ESRD. They all reported significant improvement in the outcome measures assessed in this review in favour of FIR therapy. Three of those studies (490 patients) were carried out on patients already started HD sessions, and one study (122 patients) focused on pre-dialysis first time AVF maturation. All four trials following some form of randomisation, and the demographics of patients in included studies did not differ significantly. Pooled analysis showed that primary -unassisted -patency was significantly better in the FIR group (pooled risk ratio of 1.23 [1.12-1.35], p value of 0.0001). Secondary -assisted -patency was reported in two studies (279 patients) and was found to be significantly better in those who received FIR therapy (pooled risk ratio of 1.19 [1.07-1.31], p value of 0.0008).
Post-conditioning using Far Infra-Red therapy has been shown to increase the level of heme oxygenase-1 (HO-1) expression which protects against Ischaemia/reperfusion injury in study by Tu et al [42] . HO-1 is a known vasodilator and at the same time inhibits proliferation of vascular smooth muscle cells, platelet aggregation, and vasospasm leading to favourable conditions for maturation of AVFs. Also, Ikeda et al repeated thermal therapy was shown to upregulate endothelial nitric oxide synthase expression in Syrian hamsters [24] , a finding that was validated by Akasaki et al, who also reported increased angiogenesis via (eNOS) following repeated thermal therapy in mice with hindlimb ischemia. [43] . Kipshidze et al irradiated cultures of rabbit endothelial cells and smooth muscle cells with different doses of non-ablative infrared. They found that non-ablative infrared laser inhibited neointimal hyperplasia after coronary arteries angioplasty in cholesterol-fed rabbits for up to 60 days [44] . FIR therapy is still considered a novel treatment for AVF although the technique has been described since 2007 by Lin et al [35] . This review demonstrated a beneficial use of FIR therapy that improved both primary and secondary patency rates across all studies included. This statistically significant difference was consistent even when one excluded study for having only 3 months of follow-up was added to the sensitivity analysis [39] . Also, excluding the only RCT found by the authors on newly formed AVF did not alter the outcome of the pooled analysis in terms of significance.
FIR therapy was also shown to improve access flow (Qa). The study by Lin et al -which was one of the RCTs included in the review -showed that 40 min of FIR therapy in a single HD session could increase access flow of AVF by about 50 mL/min with a 1-year effect of improving Qa by up to 150 mL/min and increasing unassisted patency of AVF by about 18% in comparison with controls [35] .
A serious limiting factor of this systematic review is that the four RCTs came from the same institution (Yang-Ming University in Taiwan), and three of the four were authored by the same two authors (Lin-cc and Yang-wc) [35, 36, 38] . Dr Lin-cc reported that he was receiving lecture fees from WS Far Infrared Medical Technology, the company that makes the infrared machines used in the studies raising the potential of bias. Also, all the RCTs were performed in an unblinded fashion, which can impact outcomes as demonstrated by the fact that in one study nine patients opted to join the FIR group despite initially being allocated as controls. Blinding in clinical trials involving FIR therapy would involve additional costs in making machines that resemble the ones used to deliver FIR therapy. Those machines should be convincing to both staff and patients if effective double blinding is to be considered. However, blinding can be attempted by placing a screen between the FIR device and the patient. Also, double-blinding can be achieved by placing a box over the device and then creating simple mock devices that also appear as boxes. This review provides a thorough examination of published evidence supporting the use of FIR therapy to promote AVF access maturation in patients with ESRD in HD, and also for those who are likely to require dialysis in the near future. The meta-analysis showed overwhelming support for regular use of FIR therapy, however there were limitations that need to be considered. Finally, this review may serve to guide future advances in using repeated thermal therapy in postconditioning of AVFs.
Conclusion
Results from four RCTs suggest that regular use of FIR therapy in haemodialysis and pre-haemodialysis patients, in particular those with AVFs, can positively influence AVF function. However, more blinded randomised controlled, multicentre and international clinical trials are required. We also hope to see sub-group analysis in those studies, particularly by age (e.g. using 65 as cutoff), gender and diagnosis of hypertension. 
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